ABSTRACT Insecticides used against potato leafhopper, Empoasca fabae (Harris) (Homoptera: Cicadellidae), have been reported to cause problems with maple spider mite, Oligonychus aceris (Shimer) (Acarina: Tetranychidae), on nursery-grown ÔRed SunsetÕ red maple and ÔAutumn BlazeÕ Freeman maple. To test this, we conducted two experiments on Þeld-grown trees in nurseries. In the Þrst, the effects of early-season pesticide applications were examined during 2009. The second experiment was conducted in 2010 to compare effects of using threshold levels of one, three, or six leafhoppers per branch to time applications. Pesticide applications reduced abundance and damage by leafhoppers in both cultivars, but increased populations of O. aceris on Autumn Blaze during 2009. In contrast, on Red Sunset, populations of O. aceris did not increase after insecticide applications. In 2010, insecticide applications did not increase abundance of O. aceris on Autumn Blaze because use of treatment thresholds to manage leafhoppers greatly reduced numbers of trees requiring treatment for leafhoppers. Two phytoseiid mites, Neoseiulus fallacis (Garman) and Typhlodromus caudiglans (Schuster), and one stigmaeid, Zetzellia mali (Ewing), were identiÞed as the principal predators of O. aceris on maple leaves. Insecticide applications had no signiÞcant effects on the total abundance of predatory mites on either Red Sunset or Autumn Blaze maples in 2009 or 2010. However, populations of predator Z. mali were higher during both years on Red Sunset than on Autumn Blaze. These results suggest that both early-season pesticide use and cultivar can affect the likelihood of secondary outbreaks of spider mites on maples.
Red maples (Acer rubrum L.) are one of the most widely grown species of landscape trees (Oliver et al. 2009 ). This popular tree is used for its environmental adaptability, attractive form, and leaf color (Townsend and McIntosh 1993) . A recent survey in 12 large cities of eastern North America indicated that the genus Acer is the most common genus, comprising 15Ð57% of the city street trees (Raupp et al. 2006) . Over the last few years, maple trees have become even more popular because they can serve as replacements for ash trees killed by emerald ash borer, Agrilus planipennis (Fairmaire). Numerous cultivars have been developed for superior growth, leaf characteristics, insect resistance, and other plant qualities (Townsend and Douglass 1998) . Some popular cultivars have been developed from red (A. rubrum) and silver maple (Acer saccharinum L.; Sibley et al. 1996) . These hybrids are known as Acer freemanii E. Murray (Freeman maple; Santamour 1993) . Unfortunately, some popular cultivars are susceptible to damage caused by the potato leafhopper (Empoasca fabae Harris; Bentz and Townsend 1999) , causing severe economic damage in nurseries and landscape settings Spicer 1993, Oliver et al. 2009 ). Nymphs and adults feed on host plants by making lacerations into the vascular tissue of a stem, petiole, or leaf vein and sucking sap through a stylet Hunter 1989, Backus et al. 2005) . Thus, leafhopper feeding initiates a sequence of changes that produce a characteristic yellowing of leaves called hopper burn (Lamp et al. 2004) . Control of this pest is usually obtained by several insecticide treatments (Potter and Spicer 1993 , Bentz and Townsend 2005 , Oliver et al. 2009 , Frank et al. 2013 . These applications can destroy natural enemies and enable the development of injurious secondary pests such as mites and scales, which have the potential to cause high levels of damage to maples and are therefore of great concern to growers (Hill and Foster 1998, Seagraves et al. 2013) .
Freeman maple cultivars are relatively resistant to potato leafhopper but are susceptible to the maple spider mite, Oligonychus aceris (Shimer), a phytophagous mite Spicer 1993, Townsend and Douglass 1998) . A recent investigation of cultivar resistance indicated that ÔRed SunsetÕ red maples were most susceptible to potato leafhoppers and least sus-ceptible to maple spider mites (Seagraves et al. 2013 ). In the same study, ÔAutumn BlazeÕ freeman maples were found to be most resistant to potato leafhopper and most susceptible to maple spider mites during midsummer. Applications of pesticides on the canopy of maple trees have been shown to cause outbreaks of spider mites (Frank and Sadof 2011) . We have observed phytoseiid and stigmaeid mites in the genera Typhlodromus, Neoseiulus, and Zetzellia to be common on maple trees. Mites in these families have been studied extensively because they regulate populations of their tetranychid prey in certain agroecosystems (Jones and Parrella 1983 , McMurtry and Croft 1997 , Sato et al. 2001 . They interact through competition for prey or by feeding on each other (MacRae and Croft 1996) .
The goal of this study was to develop an integrated approach to managing leafhoppers and spider mites on Autumn Blaze and Red Sunset maple cultivars. SpeciÞcally, we examined the relative capacity of commonly used insecticides to control leafhoppers. Then, using the most effective insecticide for leafhoppers, we determined a threshold density for potato leafhoppers that could effectively reduce the damage caused by this pest on each maple cultivar. Impacts of these pesticide applications on maple spider mite populations were also assessed.
Materials and Methods
Insecticide Studies. Experiments were conducted at BellingerÕs Nursery near Lafayette, IN, during the 2009 and 2010 growing season to evaluate effects of commonly used foliar insecticides on populations of potato leafhopper and maple spider mites on Acer rubrum cultivar Red Sunset and Acer ϫ freemanii cultivar Autumn Blaze. The main Þeld plot consisted of 84 trees planted 2 m apart in rows that were separated by 3.5 m. The average diameters of Red Sunset and Autumn Blaze maples measured 10 cm above the soil line were 5.57 Ϯ 0.15 and 8.63 Ϯ 0.72 cm, respectively.
2009 Studies. The main objective was to determine the relative effectiveness of insecticides commonly used by growers to control E. fabae. For this reason, most of the treatments were on Red Sunset maples because of grower concerns about their susceptibility to this pest. Three insecticides, 0.13 ml a.i./liter bifenthrin (TalstarS 7.9 EC, FMC Corporation Agricultural Products Group, Philadelphia, PA), 0.56 ml a.i./liter buprofezin (Talus 40SC, SePRO Corporation, Carmel, IN), and 0.96 ml a.i./liter imidacloprid (Marathon 60WP, OHP, Inc. Mainland, PA), were applied to Red Sunset trees either on 29 May or when the density of leafhoppers reach a speciÞed threshold of one leafhopper per branch tip. Treatments were arranged in a randomized complete block design with the six insecticide treatments plus a water control with 10 replications. Each treatment was applied with a Solo 425 backpack sprayer (Newport News, VA) using a hollow cone nozzle until runoff. During insecticide applications, a 1.5-by 3.5-m Styrofoam board was placed behind each tree to prevent spray drift between trees.
Owing to availability of only 14 Autumn Blaze trees at the nursery, the effectiveness of early-season bifenthrin application was compared with an untreated control in a randomized complete block design with seven replications.
Abundance of E. fabae on each plant was determined weekly from 29 May to 4 August. One branch from each of the four cardinal directions from the lower 2 m of the tree was selected for visual inspection of the Þrst Þve leaf nodes from the branch terminal. Numbers of E. fabae and nodes deformed by leafhoppers were recorded for each branch to estimate pest density and injury. Weekly counts of E. fabae on branches were used to determine when trees exceeded the treatment threshold density of one leafhopper per branch tip. A second estimate of injury to each tree was made by examining 10 shoot tips in the upper canopy and by recording the proportion of distorted shoots. At the same time, leaves were collected every three weeks from 6 July until 7 September to evaluate the abundance of maple spider mite and their predators. Samples consisted of a total of 12 leaves, three chosen from four branches in each cardinal direction. The leaves were placed in labeled paper bags. All paper bags were placed in a cooler with freezer packs until they were taken to the laboratory for processing. There, leaves were removed from each bag and immediately processed through a mite brushing machine (Leedom Engineering, Twain Harte, CA) to transfer the mites to labeled petri dishes that were coated with a thin layer of vegetable oil. All samples were transferred to petri dishes on the same day that leaves were collected. Petri dishes were stored in a 10ЊC refrigerator until all the samples were processed (no Ͼ2 wk). Adult and nymphal stages of spider mites and predators present in the petri dishes were then counted.
2010 Studies. The main purpose was to study the effect of different thresholds for E. fabae using bifenthrin on red and Freeman maples. In 2009, bifenthrin was determined to be the most effective insecticide to reduce E. fabae damage, and it is one of the most widely used insecticides by nursery producers. The 2009 data also suggested that there was a link between early-season use of bifenthrin (Talstar S) against E. fabae and the occurrence of O. aceris problems later in the season. The impact of these pesticide applications and the thresholds for leafhopper on the maple spider mite population and their predatory mites was also assessed. This study was conducted at BellingerÕs Nursery in Lafayette, IN, with separate plantings of Red Sunset and Autumn Blaze maples. The treatments consisted of an untreated control and an application of 0.13 ml a.i./liter bifenthrin (TalstarS 7.9 EC, FMC Corporation Agricultural Products Group) when densities of E. fabae exceeded one, three, or six leafhoppers per branch. Longevity of control provided by each spray was estimated for each threshold as the average number of weeks until the density on a tree returned to the threshold. The upper threshold of six per branch approximated the average density of leafhoppers on untreated susceptible Red Sunset cultivars in preliminary studies. There were 10 replications of each treatment in the experimental plots of Red Sunset and Þve replications in the plots of Autumn Blaze trees. Abundance of leafhoppers and damage on each plant was determined weekly from 15 April to 29 July as described previously. Maple spider mite populations were assessed by collecting leaves from trees every month from 29 June to 16 September using methods described for 2009.
Timing Counts of E. fabae. To facilitate adoption of this type of threshold, growers need a tool to simplify the monitoring procedure. Yellow sticky cards can be used to indicate when growers should start inspecting trees to determine when threshold densities are reached. For this reason, a 6-by 10-cm yellow sticky card was placed on a stick 5 cm from the stem and at the base of the canopy before leaf buds began to break open (13 April 2010) and examined weekly. We plotted the weekly number of leafhoppers on the sticky cards and per branch over time to compare the relative usefulness of this measure to trigger either threshold sprays or the initiation of monitoring activity.
Statistical Analysis. Results are presented on the Þgures as arithmetic means Ϯ SE for each treatment for E. fabae and O. aceris. For evaluation of the effect of early insecticide application and threshold level on leafhopper and maple spider mite density, we conducted a repeated measures analysis using PROC GLIMMIX for generalized linear mixed models (SAS 9.3 Institute Inc., Cary, NC). The GLIMMIX procedure selected a regression model based on the distribution of each response variable using a Laplace maximum likelihood estimation method. Distribution of E. fabae density was best explained by the negative binomial distribution, whereas damaged tips and nodes were described with beta distribution. Spider mite density was best described by a Poisson distribution. We used the compound symmetry option to approximate constant variance and covariance at each sample date over time. LSMEANS were separated using TukeyÕs honest signiÞcant difference (HSD) test at an ␣-level of 0.05 to compare insecticide applications to control leafhopper. Differences among number of insecticide applications to control E. fabae were analyzed by analysis of variance using a randomized complete block by using PROC GLM for general linear models (SAS 9.3 Institute Inc.). The correlation between number of damaged nodes and number of damaged tips caused by potato leafhopper per tree was determined via PearsonÕs correlation using PROC CORR (SAS 9.3 Institute Inc.) for each cultivar. Similarly, the correlation between density of E. fabae per card and their abundance per tree were determined via PearsonÕs correlation on Red Sunset and Freeman maples.
Results

Effects of Early Insecticide Application on Red Sunset Red Maples on E. fabae and O. aceris Populations.
The number of Red Sunset maple trees reaching threshold levels over the course of the season differed among insecticide treatments (F ϭ 39.99; df ϭ 6, 63; P Ͻ 0.0001). Trees that reached the threshold of one leafhopper per branch received the most applications when buprofezin was used, followed by those treated with imidacloprid and bifenthrin (Table 1) . Time (F ϭ 82.04; df ϭ 7, 441; P Ͻ 0.0001) and insecticide treatment (F ϭ 28.98; df ϭ 6, 54; P Ͻ 0.0001) signiÞcantly affected E. fabae density during 2009 (Fig. 1a) . Insecticide treatments caused the greatest reductions in E. fabae populations from mid-May to June. At this time, all treatments had fewer E. fabae populations than the untreated control. Later in the season, as the abundance of E. fabae declined, no treatment effects on densities were detected.
Damaged nodes per shoot and damaged tips per plant were highly correlated (PearsonÕs r ϭ 0.71; P Ͻ 0.0001). Damage caused by potato leafhopper differed signiÞcantly among treatments (nodes, F ϭ 30.53; df ϭ 6, 54; P Ͻ 0.0001; tips, F ϭ 15.16; df ϭ 6, 54; P Ͻ 0.0001) and over the course of the season (nodes, F ϭ 32.58; df ϭ 14, 882; P Ͻ 0.0001; tips, F ϭ 6.31; df ϭ 13, 819; P Ͻ 0.0001; Fig. 1b and c) . The damage was considerably less in trees with bifenthrin treatment than in those treated with buprofezin or imidacloprid. The most heavily damaged trees during the season were those that did not receive any insecticide applications during 2009 Þeld studies, followed by those treated with buprofezin at the beginning of the season.
O. aceris populations did not differ among treatments (F ϭ 1.20; df ϭ 6, 54; P ϭ 0.3228) on Red Sunset trees. However, there was a signiÞcant effect of time (F ϭ 5.43; df ϭ 3, 189; P ϭ 0.0013) during 2009 (Fig.  2a) . Two phytoseiid mites, Neoseiulus fallacis (Garman) and Typhlodromus caudiglans (Schuster), and one stigmaeid, Zetzellia mali (Ewing), were the predatory mites found in maple trees. The abundance of phytoseiids neither differed among treatments throughout the season on Red Sunset maples (F ϭ 0.02; df ϭ 6, 54; P ϭ 0.9900) nor was there a signiÞcant effect of time (F ϭ 0.08; df ϭ 3, 189; P ϭ 0.9700; Fig.  2b) . Similarly, Z. mali density did not differ signiÞ-cantly among treatments (F ϭ 0.12; df ϭ 6, 54; P ϭ 0.9930) or time (F ϭ 1.24; df ϭ 3, 189; P ϭ 0.2982; Fig.  2c) .
Effects of Early Insecticide Application on Autumn Blaze Freeman Maples for E. fabae and O. aceris Populations. During the 2009 Þeld studies, the density of E. fabae did not differ among trees treated with insecticide and the untreated control (F ϭ 0.79; df ϭ 1, 6; P ϭ 0.4079), but there was a signiÞcant effect of time on E. fabae density (F ϭ 48.83; df ϭ 3, 36; P Ͻ 0.0001; Fig. 1a ). Insecticide use also failed to reduce damage caused by E. fabae on Autumn Blaze maples (nodes, F ϭ 2.20; df ϭ 1, 6; P ϭ 0.1887; tips, F ϭ 2.63; df ϭ 1, 6; P ϭ 0.1560). The damage did not differ signiÞcantly over the course of the season (nodes, F ϭ 0.19; df ϭ 12, 144; P ϭ 0.9987; tips, F ϭ 0.35; df ϭ 10, 120; P ϭ 0.9639; Fig. 1b and c) .
O. aceris populations differed signiÞcantly among treatments (F ϭ 9.31; df ϭ 1. 6; P ϭ 0.0225), but did not vary considerably over the course of the season (F ϭ 0.02; df ϭ 3, 36; P ϭ 0.9964; Fig. 2a ). Autumn Blaze maple trees treated with bifenthrin early in the season had higher populations of O. aceris, and this trend of higher abundance persisted throughout the season. In contrast, the abundance of the predatory mites was not affected by treatments (phytoseiids, F ϭ 0.09; df ϭ 1, 6; P ϭ 0.7783; stigmaeids, F ϭ 0.09; df ϭ 1, 6; P ϭ 0.7783) or time (phytoseiids, F ϭ 0.16; df ϭ 3, 36; P ϭ 0.9220; stigmaeids, F ϭ 0.16; df ϭ 3, 36; P ϭ 0.9220; Fig.  2b and c) .
Effects of Threshold Levels on E. fabae and O. aceris Populations on Red Sunset Red Maples. There were no signiÞcant differences in numbers of potato leafhopper per branch among trees treated at threshold densities and the untreated control (F ϭ 0.01; df ϭ 3, 27; P ϭ 0.9999; Fig. 3a) . Density of E. fabae varied significantly over time during 2010 with the peak occurring on 27 May (F ϭ 9.65; df ϭ 3, 108; P Ͻ 0.0001). The number of trees reaching threshold levels over the course of the season differed among threshold treatments (F ϭ 11.67; df ϭ 3, 36; P Ͻ 0.0002). Trees treated with bifenthrin at threshold level of one leafhopper per branch received more applications, followed by those with three and six leafhoppers per branch (Table 2). Damage caused by E. fabae on red maple trees differed signiÞcantly among threshold levels (nodes, F ϭ 16.37; df ϭ 3, 27; P Ͻ 0.0001; tips, F ϭ 6.46; df ϭ 3, 27; P ϭ 0.0019) throughout the season. Trees treated with bifenthrin at threshold level of one leafhopper per branch had the lowest level of damage among the threshold levels followed by a threshold level of three per branch (Fig. 3b and c) . Damage to trees treated at a threshold of six leafhoppers per branch was not signiÞcantly different from the control. These Þndings were consistent throughout the season (nodes, F ϭ 0.17; df ϭ 9, 324; P ϭ 0.9999; tips, F ϭ 1.70; df ϭ 10, 396; P ϭ 0.0784).
Insecticide treatments (F ϭ 0.03; df ϭ 3, 27; P ϭ 0.9935) and time (F ϭ 0.21; df ϭ 4, 144; P ϭ 0.9319) had no signiÞcant effect on O. aceris density (Fig. 4a) . Three predatory mites, N. fallacis, T. caudiglans, and Z. mali, were present on maple trees. Combined populations of phytoseiid (N. fallacis and T. caudiglans) mites were not signiÞcantly affected by threshold treatments (F ϭ 0.08; df ϭ 3, 27; P ϭ 0.9686) or time (F ϭ 0.04; df ϭ 4, 144; P ϭ 0.9965; Fig. 4B) . Similarly, Z. mali was not affected by insecticide application (F ϭ 0.29; df ϭ 3, 27; P ϭ 0.8322) or time (F ϭ 0.06; df ϭ 4, 144; P ϭ 0.9933; Fig. 4c) .
Effects of Threshold Levels on E. fabae and O. aceris Populations on Autumn Blaze Freeman Maples. In 2010, E. fabae density did not differ signiÞcantly among threshold treatments (F ϭ 1.11; df ϭ 3, 12; P ϭ 0.3819) on Autumn Blaze maples (Fig. 3a) . In contrast, E. fabae density varied signiÞcantly over time (F ϭ 11.30; df ϭ 15, 60; P Ͻ 0.0001), with a peak observed on 27 May. Trees with the threshold treatment of one leafhopper per branch had the most applications over the course of the season (F ϭ 16.00; df ϭ 3, 16; P ϭ 0.0001). However, fewer Autumn Blaze trees received insecticide than Red Sunset. Thresholds of three or more leafhoppers per branch were not reached by Autumn Blaze maple trees during 2010 (Table 2) . Damage caused by E. fabae on trees treated with bifenthrin at any threshold level did not differ from trees that did not receive insecticide applications overall (nodes, F ϭ 0.02; df ϭ 7, 112; P ϭ 0.9999; tips, F ϭ 0.31; df ϭ 7, 112; P ϭ 0.8159) or at any time over the season (nodes, F ϭ 1.14; df ϭ 3, 12; P ϭ 0.3711; tips, F ϭ 0.03; df ϭ 7, 112; P ϭ 0.9999; Fig. 3b and c) .
Insecticide treatments (F ϭ 1.30; df ϭ 3, 12; P ϭ 0.3186) and time of collection (F ϭ 0.30; df ϭ 4, 64; P ϭ 0.8750) did not signiÞcantly affect O. aceris populations on Autumn Blaze maples during 2010 (Fig. 4a) . Similarly, there were no differences in phytoseiid densities (F ϭ 0.03; df ϭ 3, 12; P ϭ 0.9912), or Z. mali in any of the trees (F ϭ 0.06; df ϭ 3, 12; P ϭ 0.9790; Fig.   5b ) or at any time (F ϭ 0.01; df ϭ 4, 64; P ϭ 0.9997; F ϭ 0.05; df ϭ 4, 64; P ϭ 0.9958) over the season (Fig. 4c) . Numbers of maple spider mites per cm 2 were significantly lower in 2010 than in 2009 (Figs. 2a and 4a) .
Sticky Cards as a Monitoring Indicator for E. fabae on Maple Cultivars. Density of potato leafhopper per branch and numbers of E. fabae per sticky card accounted for only 13% of the variation of the population on Red Sunset (r ϭ 0.36; P Ͻ 0.0001) and 10% on Autumn Blaze maple tree branches (r ϭ 0.32; P Ͻ 0.0001; Fig. 5a ). Leafhoppers were Þrst detected in sticky cards on 22 April in the Red Sunset planting, two weeks before they were detected in the trees during 2010 (Fig. 5a ). The Þrst trees reached the threshold density of one leafhopper per branch on 20 May, a full month after the Þrst detection of leafhoppers in sticky cards (Fig. 5b) . Damage by E. fabae was not detected until 20 May when Ͼ50% of the trees reached the threshold density of one leafhopper per branch (Fig.  5b ). E. fabae on Autumn Blaze were Þrst detected on sticky cards one week after Red Sunset on 29 April (Fig. 5a ). The Þrst Autumn Blaze trees reached the threshold density of one leafhopper per branch on 27 May when Ͻ40% of trees reached that threshold (Fig. 5b) . Autumn Blaze maple trees that reached this threshold were less severely damaged than Red Sunset red maple (Fig. 5b ).
Discussion
Our research identiÞed how speciÞc strategies for controlling potato leafhopper can lead to outbreaks of spider mites in some maple cultivars. These Þndings are consistent with previous studies, in which outbreaks of spider mites were associated with insecticides (Trichilo and Wilson 1993 , Hill and Foster 1998 , Sclar et al. 1998 , Raupp et al. 2004 , Hardman et al. 2007 , Cloyd and Bethke 2011 , Frank and Sadof 2011 , Szczepaniec et al. 2011 , Szczepaniec and Raupp 2012 .
Our comparisons of insecticide efÞcacy suggest that bifenthrin applications reduced leafhopper damage on Red Sunset red maple better than the other products tested. This is consistent with the high levels of efÞcacy demonstrated by pyrethroids against leafhoppers in a variety of crops (Cheng and Roy 1985 , Kaplan et al. 2008 , Frank et al. 2013 . Although not as effective as bifenthrin, foliar applications of imidacloprid signiÞcantly reduced damage of potato leafhopper compared with the control. This is consistent with Oliver et al. 2009 , who determined that early-season applications of neonicotinoid insecticides provided effective control of E. fabae. Studies on grape vines had similar results with foliar and soil applications of neonicotinoids providing adequate control of potato leaf- hopper (Van Timmeren et al. 2011) . In contrast, buprofezin did not reduce the potato leafhopper damage in Red Sunset red maple. Although some studies have reported that buprofezin kills leafhoppers, its action was limited to molting stages of insects (Heinrichs et al. 1984 , MasÕud and Moeh 1987 , Konno 1990 .
Using a threshold of one leafhopper per branch to trigger bifenthrin treatments can reduce damage to Red Sunset maples. In 2010, using a threshold of one, three, or six leafhoppers per branch to time bifenthrin applications resulted in 18, 54, and 88%, respectively, of the tips showing damage. During this year, the threshold strategy was implemented before any leafhoppers were detected on sticky cards or in tree branches. Interestingly, in 2009, only 29% of the tips were damaged when the threshold of one leafhopper per branch was implemented after trees had an average density of 5.17 Ϯ 0.60 leafhoppers per branch. Trees that were treated only once with bifenthrin without follow-up monitoring and treatment had an average of 20% of their tips damaged. Clearly, trees can beneÞt from sustained monitoring and treatment. Lack of correlation between the abundance of leafhoppers in trees and on sticky cards suggests that visual inspection of trees is needed for time applications. Growers seeking to reduce their scouting efforts may want to place sticky cards out in the Þeld and begin scouting after leafhoppers are found on cards.
Red Sunset maples are more susceptible to injury from E. fabae than Autumn Blaze maples. Nearly 100% of shoot tips were damaged on untreated Red Sunset in both years, whereas Ͻ15% of Autumn Blaze tips were damaged. In contrast, only 40% of Autumn Blaze maples reached the threshold of one potato leafhopper per branch. The use of bifenthrin did not significantly improve the management of E. fabae on Autumn Blaze because of the high level of resistance. This Þnding supports that of previous research that suggests that maple cultivars differ in their susceptibility to potato leafhopper Spicer 1993, Seagraves et al. 2013) . Another important difference between Red Sunset and Autumn Blaze maples is their susceptibility to maple spider mites outbreaks. In Red Sunset, populations of O. aceris did not increase after applications of bifenthrin. In contrast, bifenthrin applications made in 2009 caused outbreaks of maple spider mites on Autumn Blaze. In 2010, bifenthrin application did not increase abundance of O. aceris on Autumn Blaze because we used a threshold to manage E. fabae and only 20% of these were treated.
The response of spider mite populations on Autumn Blaze maples to bifenthrin is consistent with other studies that attribute outbreaks of spider mites to the negative effects that pyrethroids can have on predatory mites (Penman and Chapman 1988 , Gerson and Cohen 1989 , Hermans 1996 , Hill and Foster 1998 , Bowie et al. 1999 , Hardman et al. 2007 ). Lester et al. (1998) found that Z. mali did not appear to be affected by the pyrethroid spray as was T. caudiglans. Strickler et al. (1987) and Croft and Slone (1998) suggested that Z. mali was affected less by pesticides compared with phytoseiids. Our data do not show any signiÞcant effects of bifenthrin on predatory mites on either Red Sunset or Autumn Blaze maples in 2009 or 2010. However, they do show that populations of the predator Z. mali were higher on Red Sunset than on Autumn Blaze in both years, regardless of insecticide treatment. Although our observed response of predators to insecticides does not correspond to other studies on the impact of pyrethroids on predators, they do point to a qualitative difference between the ability of these cultivars to harbor spider mite predators in the presence or absence of insecticides.
In conclusion, pest problems on maple trees can be avoided when varietal differences in susceptibility are considered. Susceptible cultivars of red maples must be managed for potato leafhopper, whereas resistant cultivars like Autumn Blaze do not require management for this pest. On Red Sunset, a cultivar susceptible to potato leafhopper, threshold densities of one potato leafhopper per branch could be used to avoid damage by potato leafhopper. ModiÞcation of maple management in nurseries to avoid outbreaks of spider mites can be advantageous to growers. Management for Autumn Blaze maples should concentrate on conserving natural enemies to avoid maple spider mite outbreaks, through avoiding early-season insecticide sprays for E. fabae.
